INTRODUTCTION 47
Dyspnea is a significant clinical symptom defined as a "subjective experience of breathing 48 discomfort which varies in its qualitative components, their unpleasantness and their 49 emotional/behavioral significance" (19) . Although dyspnea probably shares neural correlates 50 with the shortness of breath reported by healthy individuals during exercise, its manifestation in 51 cardiorespiratory and related conditions is both debilitating (37) and generally associated with 52 poor prognosis (27) . To better understand the genesis of dyspnea, many researchers have 53 pointed to the analogy of pain. This concept has further led to a categorization of this symptom 54 in terms of its sensory (intensity) and affective (bother/unpleasantness) domains (6, 38) . 55
The purpose of present study was to examine the impact of induced changes in mood state on 56 exertional dyspnea in healthy subjects. Like previous investigators (32, 34) we have used the 57 viewing of images from the "International Affective Picture System"-IAPS (11) to modulate 58 mood while assessing both the sensory and affective domains of experimentally-induced 59 dyspnea. We chose to use an exercise challenge modelled on stair climbing (14, 24, 25) and to 60 measure the effects of both positive and negative changes in mood on dyspnea throughout the 61 exercise while accounting for any related changes in breathing. We hypothesized that for the 62 same degree of cardiopulmonary stress "positive" and "negative" mood states would be 63 associated with respectively decreased and increased rating of both sensory and affective 64 domains of dyspnea compared with experimentally induced "neutral" mood state. 65
This present study was designed to investigate the impact on exertional dyspnea and leg fatigue 66 of both positive and negative changes in mood to clarify the unresolved issue of the extent to 67 which experimental changes in mood impact on the sensory and affective domains of dyspnea. 68
Finally monitoring ventilation has enabled us to control for the potential confound of mood 69 impacting on exertional dyspnea via an effect on breathing pattern. 70
Experimental modulation of mood during exercise 88
For each of the experimental sessions (visits 2 -4), subjects performed two identical 5 min 89 bouts of treadmill exercise, separated by an interval of at least 30 min, while viewing a series of 90 images from the International Affective Picture System (IAPS) displayed on a computer 91 monitor in front of the treadmill. IAPS comprises more than 1000 pictures, each with a 92 population based rating of its effect on mood (valence, arousal and dominance) (11). For this 93 study, we selected 3 sets of 24 images associated with high, low and median scores for valence 94 (pleasant, unpleasant and neutral). Each set was modified (i.e. substitution of 5 -7 images) to 95 ensure population rating equivalence for male and female subjects. On any single visit, the 96 same set of images was viewed during both exercise bouts with the 3 sets randomly allocated 97 over the 3 visits in a balanced design. Using custom built software, each image in a set was 98 displayed for 6 s (11) followed by a 4 s interval before the next image appeared. At minute 99 intervals throughout exercise, the viewing of IAPS images was interrupted for 14 s to allow 100 subjective ratings of either dyspnea or mood using a clicker attached to the handrail of the 101 treadmill (see below). 102
Assessment of dyspnea 103
During the first of the two daily exercise bouts, subjects were asked to report their prevailing 104 level of exertional dyspnea at minute intervals in both the sensory (intensity) and affective 105 (unpleasant/bother) domains (11, 34, 38) . To achieve this, a numeric scale (14) was displayed 106 on a monitor in front of the treadmill and subjects used a clicker mounted on the handrail to 107 select a number between 0 and 10 which represented the intensity of their dyspnea. A rating of 108 "0" meant they had no shortness of breath (SOB) while "10" meant extreme SOB, a level that 109 would cause them to stop or lower their exercise intensity to gain relief. After 7 s, this scale 110 was replaced by a second 0-10 scale which was used to obtain a rating of the unpleasantness of 111 their dyspnea. A rating of "0" meant their SOB was not bothering them at all while "10" meant 112 that their SOB was extremely bothersome. To underscore the difference between intensity and 113 bother, subjects were earlier given illustrative examples; for instance, a marathon runner might 114 have a high intensity of SOB with minimal bother, whereas a healthy person could be 115 extremely bothered by unexpected SOB even of low intensity. 116
Assessment of mood 117
During the second of the two daily exercise tests, subjects rated their prevailing mood using a 9 118 point pictorial (faces) rating scale (Self-Assessment Manikin -SAM) specifically developed for 119 this purpose (11). As for dyspnea, two subsets of SAM were displayed consecutively for 7 s 120 each, enabling the subject to rate their prevailing mood in terms of valence (extremely unhappy 121 to extremely happy) and arousal (extremely calm to extremely excited). Each SAM scale 122 appeared with the neutral (point 5) image highlighted. Subjects used the clicker/display 123 (described for dyspnea) to select the image that best represented how viewing the pictures made 124 them feel. Ratings were recorded as the numerical equivalent of the selected image (i.e. 1= 125 extremely unhappy for valence and extremely calm for arousal; 9 = extremely happy for 126 valence and extremely excited for arousal). 127
Experimental protocol 135

Visit 1 (Familiarization visit): 136
During this visit, informed written consent was sought and height, weight and resting blood 137 pressure were measured to facilitate risk stratification. Subjects then practiced walking on a 138 steep slope treadmill (~25%) at a moderate speed (~ 4kph); these conditions have previously 139 been found to induce moderate dyspnea without exhaustion in healthy subjects (14) . Subjects 140 exercised connected to an ECG/Pulse oximeter monitor (Prizm 5 patient monitor, Charmcare 141
Co. Ltd, S. Korea) and wearing a face mask connected to a metabolic system (Quark, Cosmed 142 srl, Italy). In addition, whilst exercising, subjects practiced (a) viewing neutral IAPS images (b) 143 rating their perceived dyspnea and (c) rating their mood (see above). In training subjects to 144 attend to IAPS images and report associated mood changes, we used a standard script modified 145 from that described in the IAPS technical manual (11). During this visit, we established an 146 individualized speed (~4 kph) and grade (~25%) combination based on the subject's height and 147 fitness level, to produce a peak of 80 -85% age-predicted maximum heart rate in all tests. 148
Visits 2 -4 (experimental visits): 149
At each visit, subjects performed two treadmill exercise tests, at the speed and grade 150 established on the first visit. Throughout each test, subjects attended to the IAPS images/rating 151 procedures as described above. On any single visit, subjects viewed only a single set of images 152 (i.e. positive, negative or neutral) and the ordering of sets was randomized between subjects. 153
Prior to undertaking exercise on each of these visits, subjects completed a 24-point Brunel 154
Mood Scale questionnaire (BRUMS) (30, 31) to enable the assessment of any significant 155 differences in baseline mood between the three visits. In making this experimental intervention, 156 we wanted to ensure that during for each condition, the ratings of mood and dyspnea were 157 made during the same experimental day but not within the same exercise bout so as to increase 158 the likelihood of independent assessment of these different perceptions. As noted above, 159 subjects always rated dyspnea in the first of the two exercise bouts since this was our primary 160 outcome measure and we wished to avoid the potential confound on dyspnea ratings of 161 habituation to viewing images for a second time on the same day. A further concern was that in 162 viewing images that were clearly either pleasant or disturbing, our subjects might modulate 163 their dyspnea ratings as a result of an "expectation" that they would feel better or worse. We 164 addressed this issue by falsely advising our subjects that the speed or slope of the treadmill 165 could change from test to test and that they should focus on purely reporting their dyspnea. 166
Physiological Measurements 167
During each test, ventilation (V E ), oxygen uptake (V O 2 ) carbon dioxide output (V CO 2 ), tidal 168 volume (V T ) and respiratory frequency (f R ) were measured by the metabolic system. Heart rate 169 (HR) was measured using a Polar monitor linked to the metabolic system. All cardiorespiratory 170 variables were recorded breath by breath. 171
Data analysis 172
Physiological data were averaged over 1 min intervals and, together with minute by minute 173 ratings of mood or dyspnea, were analyzed using two way repeated measures ANOVA (with 174 experimental condition and time as factors). Data for the 24-point Brunel Mood Score 175 questionnaire were first grouped into six category domains; Tension, Depression, Anger, Vigor, 176
Fatigue, Confusion (30, 31) and analyzed using one way ANOVA. Ratings of leg fatigue were 177 also analyzed using one way ANOVA. Linear correlation analysis (Pearson correlation 178 coefficient) of paired individual responses of dyspnea intensity and dyspnea bother was 179 undertaken to explore the association between these two domains of dyspnea. 
Physiological data 216
Statistical analysis revealed that there was no significant effect of viewing the different 217 categories of images during a standard exercise bout on any of the cardiorespiratory variables 218 (V O 2 , V CO 2 , V T , f R , V E and HR) ( Table 2) . 219
Exertional dyspnea 220
The ratings of exertional dyspnea in both sensory and affective domains are shown in Figure 1 
Leg fatigue 245
Statistical analysis revealed that there was no significant effect of viewing the mood changing 246 images on the ratings of leg fatigue at the end of exercise (Table 2) . The main finding of this study is that in healthy subjects who are exercising, experimentally 253 induced positive mood states are associated with lower dyspnea ratings (intensity and 254 unpleasantness) than negative mood states. Such an association was not found between mood 255 state and leg fatigue. This suggests that dyspnea perception results from more complex central 256 neural processing, embracing cognitive/emotional events, than is the case for the more 257 peripherally dependent perception of fatigue. Thus a greater focus on strategies aimed at 258 improving mood in individuals with chronic dyspnea could alleviate the morbidity associated 259 with this symptom. respectively (compared to a neutral mood). Secondly, the impact of mood is predominantly on 275 the intensity rather than unpleasantness of exertional dyspnea, as found in exercising COPD 276 patients (34) but different from resistive loading dyspnea in healthy subjects (32, 33) . Thirdly, 277 both of our positive and negative mood conditions were associated with heightened arousal 278 indicating that it is the valence of mood rather than the corresponding arousal that impacts on 279 dyspnea perception. 280
In designing this study, we were concerned that the need to complete the exercise bouts over a 281 number of days could mean that any day-to-day variations in general mood could impact on 282 exertional dyspnea over and above the effect of viewing different mood altering images. 283
However, our assessment of baseline (i.e. before exercise) mood state (BRUMS) revealed no 284 differences in any aspect of mood preceding the viewing of the different image sets. In 285 addition, it was important that all exercise bouts were performed at the same intensity and this 286 was confirmed by no difference in mean values for oxygen uptake and heart rate across the 287 three experimental conditions. The lack of any difference in respiratory frequency or tidal 288 volume further confirms that differences in dyspnea were not associated with any mood-related 289 effects on breathing. 290
In examining the effect of experimental changes in mood on perceived intensity of leg fatigue, 291
we noted that the difference between the positive and negative conditions (4.2 vs 4.8) was 292 considerably less than the corresponding (final) dyspnea intensity (4.1 vs 5.8) scores. Post-hoc 293 analysis of these data pairs confirmed a difference in statistical outcomes (fatigue: p = 0.066; 294 dyspnea p = 0.014). This may be reflective of differences in the neural substrates of these two 295 types of exercise-related discomfort such that mood has a greater impact on the more centrally 296 generated sensation of dyspnea compared to the more peripherally induced sensation of leg 297 fatigue. The fact that the two concurrent symptoms were differently affected by the altered 298 mood state gives us confidence that our subjects' ratings during these studies were not unduly 299 influenced by expectation bias. 300
In speculating what our findings might tell us about the neural basis of the mood modulation of 301 exertional dyspnea we might first consider what is known about the patterns of neural 302 activation accompanying the viewing of IAPS images. Using fMRI in healthy subjects, 303
Aldhafeeri and coworkers found activations selectively in the hippocampus, amygdala and 304 visual cortex when viewing negative compared to neutral images and in the superior and 305 middle frontal gyrus, prefrontal cortex and posterior cingulate gyrus with positive images (2). 306
Similarly with fMRI, Hariri and colleagues found activation of the amygdala during viewing of 307 unpleasant IAPS images compared to geometric shapes (9). Neural imaging of experimental 308 (albeit not exertional) dyspnea has also shown to activate the amygdala (7, 33) alongside 309 associated limbic structures particularly the anterior insula (4, 12, 20) . Thus the central 310 processing of neural activity within these brain regions, known to be concerned with 311 emotionally driven behaviors, offers a possible neurophysiological basis for the impact of 312 mood state on dyspnea perception. Support for this idea comes from studies demonstrating that 313 tolerance of pain, which also has a strong amygdalic/ limbic representation (39), is increased 314 or decreased when viewing positive and negative IAPS images respectively (29) . 315
There is now widespread clinical evidence that there is an increased prevalence of anxiety and 316 depression in individuals across a range of chronic conditions including COPD (26), heart 317 failure (28), pulmonary hypertension (10, 22), myasthenia gravis (21) and late stage cancer (5, 318 8, 36) . The presence of these psychological comorbidities is associated with poorer health 319 outcomes (35, 38) . Whether these associations are causative and if so in which direction is not 320 established, although there is suggestive evidence that onset of anxiety and depression results in 321 a worsening of dyspnea (15). Managing dyspnea in patients with moderate COPD has been 322 reported to improve depression and negative emotion (16) and treating psychopathology as a 323 means of alleviating dyspnea is not a new idea. For example, a number of studies have shown 324 cognitive behavioral therapy to be promising for reducing dyspnea in in patients with COPD 325 (18). Current recommendations for Pulmonary Rehabilitation articulate the need for the 326 teaching of relaxation and stress reduction techniques to help with the management of dyspnea 327 in COPD and other chronic conditions (17), although evidence supporting the additional benefit 328 gained over and above other components of pulmonary rehabilitation, particularly exercise, is 329
lacking. 330
The results of the current study clearly show that in healthy subjects, perception of exertional 331 dyspnea can be modulated by experimental alteration in emotional state. This supports the view 332 that strategies aimed at improving an individual's mood are worthwhile pursuing in an attempt 333 to alleviate the morbidly associated with chronic exertional dyspnea. Our findings do not 334 indicate any specific approach that might be effective in a chronic disease population but they 335 do suggest that there is a sound psychophysiological basis for conducting further research in 336 this area. 337
ACKNOWLEDGEMENTS 338
We would like to acknowledge the help of University of Florida Leg fatigue 4.2 ± 0.5 4.9 ± 0.5 4.8 ± 0.4
V O 2 = oxygen uptake; V CO 2 = carbon dioxide output; V T = tidal volume; f R = respiratory frequency; V E = ventilation; HR = heart rate. 
